Appendix A. Details and validation of the tracking method
A.2. Validation of the tracking method
In order to verify that the tracking method is properly working, graphs and branches extracted from the actual turbulent flow were visualized (see, for instance, figure 5(a) ). In addition, three tests were performed with synthetic data. They are shown in figure 2 which also includes the corresponding graphs. The first test consists of three eddies moving in the streamwise direction with different advection velocities. The second test is an initial eddy that first splits into two fragments of different sizes, then, each of them split again following the same process and finally all the objects merge in reverse order. The third test does not have any physical meaning and it is intended to check rare connections. All the cases were correctly captured by the tracking method.
To discard any bias of the method related to the arrow of time, Q graphs and branches were computed with data from case M950 that had been previously reversed in time. The results are as expected and are shown in table 1. The same number of branches and graphs are obtained, and the role of mergers and splits is exchanged, as it is supposed to happen.
Appendix B. Effect of the threshold and of the time step
Two new cases derived from M950 are defined to study the effect of the threshold and the time step between fields stored. The parameters are summarized in table 2. For case Ms950 the threshold H is almost doubled and for case Mt950 the time step is increased roughly by a factor of four. All the results presented in the paper were recomputed for cases Ms950 and Mt950 and no significant differences appeared. Some results are collected in figures 3(a,b,c,d) and table 2. The number of branches and graphs decreases for cases , ratio between the total volume occupied by isolated objects and volume of all the objects; rB, ratio between the amount of direct and inverse cascade as defined in section 6.2. Data for Qs. The results presented in the paper correspond to case M950. Case M950 time-reversed is case M950 with the arrow of time reversed. Case M950 no shifting is case M950 but without shifting the structures a distance −U (y)∆ts in the streamwise direction before computing their connections.
Ms950 and Mt950, although the total volume of isolated structures remains smaller than 0.01% with respect to the total volume of objects. Maybe, the most remarkable change is an increase of 10% in the ratio between the amount of direct and inverse cascades for intense Q − s with H = 3 compared to those computed with H = 1.75. Figure 3(a) shows that coarsening the time between fields stored does not affect the statistical trends of tall attached branches, and its effects are only visible for detached and buffer layer branches whose lifetimes are close to the temporal resolution limit. Sizes and advection velocities are qualitatively similar. More thresholds were tested without any remarkable change for Qs defined within 1.25 < H < 3. A similar threshold analysis was performed for vortex clusters with no important differences for 0.01 < α < 0.04.
